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High-pressure piimp pis ton /cylinder unit 

5 Description 

The invention relates to a high-pressure pump 
piston/cylinder unit, in particular an injection pump for 
a common rail fuel injection system of an internal 

10 combustion engine, in which a pump cylinder having a 
piston which oscillates therein is provided in a housing, 
the piston being operatively connected on one end side to 
a controlled drive, in order to vary a suction and 
compression stroke volume on the other end side, the head 

15 region, in the pump cylinder, with the result that the 
pressure of the fluid which is sucked into the pump 
cylinder from a conveying flow inlet is increased by the 
stroke of the piston, in order to make it available to a 
further supply element, in particular a fuel supply means 

20 or a common rail, by means of a conveying valve. 

Therefore, a high-pressure pump piston/cylinder unit, 
for example in the form of an injection pump, is part 
of the injection system which, furthermore, comprises 
25 injection lines and injection valves. 

The injection pump has to fulfill a plurality of 
objects, such as conveying of the fuel at high 
pressure, metering of the injection amount, injection 

30 of the fuel at the correct instant, or according to a 
predefined injection law. In conventional injection 
pumps, a camshaft which is driven by the engine lifts 
the injection piston, possibly by means of a roller 
tappet. The lifting speed in a four-stroke engine is 

35 equal to half the crankshaft rotational speed, and the 
lifting speed in a two-stroke engine is equal to the 
entire crankshaft rotational speed; the injection 
piston performs a constant stroke. 
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In conventional injection pumps, the metering of the 
injection amount takes place in a known manner by 
rotation of the piston about its longitudinal axis, and 
the conveying amount and the conveying end are 
5 determined by an oblique control edge . As soon as the 
latter has reached the suction hole, the fuel which is 
displaced by the piston flows back into the suction 
space . 

10 The pump elements, that is to say injection piston and 
injection cylinder, are manufactured with very high 
accuracy and fitted into one another. 

In particular, the invention relates to an injection 
15 pump for a common rail fuel injection system of an 
internal combustion engine. In this system, an above- 
described control edge is no longer required. 

An injection pump of this type is described, for 
20 example, in DE 199 19 430 CI. 

The fuel which is fed to the injection pump is metered, 
as is known, for example, via an electromagnetically 
actuated metering valve. The metered fuel is then fed 
25 to the suction space or pump operating space of the 
piston pump, in order then to be conveyed at high 
pressure into a pressure storage line during operation 
of the internal combustion engine. 

30 In order to avoid a pressure drop in the pressure 
storage line during the suction stroke, a nonreturn 
valve is provided at the outlet of the pump operating 
space. In order to avoid a return flow into the low- 
pressure system during the compression stroke, a 

35 nonreturn valve is likewise arranged at the conveying 
inlet of the pump. 

High-pressure pumps of this type are also used, for 
example, in a fuel supply system according to DE 101 57 



135 Al. 
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In high-pressure pump piston/cylinder units of this 
type, an axial offset of the piston in the pump 
5 cylinder occurs on account of small manufacturing 
tolerances which can ultimately not be avoided, which 
has the consequence that the pressure distribution over 
the piston circumference is not uniform on account of 
gap widths which are set variously over the piston 
10 circumference. The one-sided pressing of the piston in 
the piston cylinder which is caused by this leads to 
wear in the bearing face. 

In the above-described high-pressure pump 

15 piston/cylinder units, insertion bevels have also 
already been provided on the piston, but of unclear 
configuration in terms of their dimensions. Here, a 
conical shape of a maximum of 30 ym over a length of 
approximately 25 mm is formed integrally on the pump 
20 piston in the head region. This reduction in the head 
is intended to prevent the head region of the pump 
piston striking the pump cylinder, but an effective 
countermeasure against the above-described axial offset 
cannot be achieved with this measure. 

25 

It is the object of the present invention to specify a 
high-pressure pump piston/cylinder unit, in particular 
an injection pump for a common rail fuel injection 
system of an internal combustion engine, in which the 
30 risk of wear as a result of axial offset to a piston 
which is guided in a pump cylinder can be precluded. 

This object is achieved by the characterizing features 
of claim 1. 

35 

As a result of the fact that a centering cone is formed 
integrally on the pump piston on the head region, the 
maximum half diameter reduction {1/2 x [D-d]) of said 
centering cone with respect to the diameter (D) of the 
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piston skirt being in a ratio of approximately 1:200, 
and the axial length (1) of said centering cone, that 
is to say the height of the centering truncated cone, 
being designed in relation to the entire axial length 
5 (L) of the piston skirt (including centering cone) in a 
ratio {1:L) of approximately 1:6.6, the pump piston is 
centered on its center axis during the compression 
stroke, with the result that striking on the pump 
cylinder is prevented. The leakage during the build-up 

10 of pressure is guided uniformly between the pump piston 
and the pump cylinder, with the result that the 
temperature distribution (''hydraulic'" heat is produced 
during compression of the fuel) is distributed 
uniformly over the circumference of the pump piston. As 

15 a result, the pump piston is not heated on one side and 
is therefore not deformed by the action of temperature. 

As a result of the uniform leakage around the 
circumference of the pump piston, the one-sided contact 

20 of the piston is therefore prevented in the pump 
cylinder, or the pressing forces are at least reduced. 
A further advantage which results is that the leakage 
flow is reduced after central orientation of the piston 
in the longitudinal direction of the guide face of the 

25 piston, and therefore the hydraulic efficiency of the 
unit is improved. It is to be seen as a further 
advantage that the fluid in the leakage wets the 
contact faces, as a result of which a lubricating 
effect is achieved, that is to say a lubricating gap 

30 which allows the pump piston to float is formed on the 
pump piston by its stroke movement. 

In the following text, one exemplary embodiment of the 
invention will be explained using the drawing. 

35 

The single figure shows a view of an injection pump of 
a common rail injection system, the pump piston of 
which is configured according to the invention. 
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A piston 2 with a pump cylinder 3 is guided in a 
cylinder housing 1. The piston is moved in the 
conveying direction by a camshaft 4 which is driven by 
the engine, and is displaced back by a piston spring 5. 
5 The stroke of the piston 2 does not change, the piston 
2 passes through the full stroke during each revolution 
of the camshaft 4 and performs a suction stroke and 
compression stroke . 

10 The pump cylinder 2, that is to say the suction space 
or operating space 6, is connected via a high-pressure 
line 7 to a common rail (not shown) of the fuel 
injection system. A nonreturn valve 8 in the high- 
pressure line 7 prevents fuel from flowing back into 

15 the injection pump out of the common rail. 

During the suction stroke, the piston 2 sucks fuel via 
the fuel inlet 9 out of the low-pressure space into the 
pump cylinder 3 or operating space 6. 

20 

During the compression stroke, a pressure is built up 
in the operating space 6, which pressure leads to the 
opening of the nonreturn valve 8 and makes it possible 
to convey the fuel out of the pump cylinder 3 into the 
25 common rail (not shown) • 

In order to avoid a pressure drop in the operating 
space 6 or in the high-pressure line 7 during the 
compression stroke of the piston 2, a nonreturn valve 
30 10 is likewise provided in the conveying inlet of the 
operating space 6, that is to say in the fuel inlet 9 
out of the low-pressure space. 

Furthermore, in order to meter the fuel out of the low- 
35 pressure space, an electromagnetically actuable 
metering valve 11 is arranged in the fuel inlet 9. 

A centering cone 20 (shown with dashed lines) which is 
subject to clear dimensioning is formed integrally on 
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the head region of the pump piston 2. 

As viewed in the direction of the camshaft 4, the 
centring cone 20 begins at the first completely 
5 circumferential edge of the head region of the pump 
piston 2 with the smallest diameter d and is enlarged 
continuously as far as the diameter D of the skirt of the 
piston 2. The centering cone 20 therefore forms a 
straight circular truncated cone, in which the base area 

10 (diameter D) and top area (diameter d) are of circular 
configuration. The conical shape of the centering cone 20 
is therefore (1/2 x [D-d]). The ratio of the conical 
shape (1/2 x [D-d]) to the piston diameter D has to be 
approximately 1:200. The height 1 of the centering 

15 truncated cone 20 is to be dimensioned in relation to the 
entire piston skirt length L (piston 2 and centering cone 
2 0) (1:L) with approximately 1:6.6. 

In a particularly advantageous manner, an insertion 
20 bevel in the form of a further centering truncated cone 
30 is positioned on the centering cone 20. In this 
case, the insertion bevel 30 and the centering cone 
have to be manufactured coaxially with respect to one 
another with a maximiam tolerance of 1 \xm, in order to 
25 achieve the desired effect of automatic centering of 
the piston 2. 

The centering cone 20, advantageously assisted by the 
insertion cone 30, firstly brings about hydraulic 

30 pressure equalization over the circumference of the 
piston skirt 2 in the piston cylinder 3, and therefore 
prevents one-sided contact of the piston 2 on account 
of the fuel which enters the annular space of the 
leakage at high pressure in the event of an axial 

35 offset. 

The centering cone can be used on all pistons which are 
loaded with pressure, for centering the piston. 



